Brainstem glioma is rare tumour in adults accounting for 1% -2% of intracranial gliomas. In this case study, a 28-year-old female diagnosed with BG, and lesions were observed in the pons and medulla region of the brain stem. She was initially treated with radiotherapy (54 Gy in 30 fractions for 6 weeks) but no change in her clinical condition and size of tumor was observed. Temozolomide (250 mg/daily for 5 days) was prescribed as first line chemotherapy. After completion of three cycles of Temozolomide, patient presented with diplopia and MRI showed increase in the size of lesions. After unsatisfactory response to radiation and chemotherapy, the patient was treated with Nimotuzumab therapy. MRI scan demonstrated the reduction of lesion size after 8 cycles of Nimotuzumab (200 mg/week). This treatment continued for another 8 cycles and the MRI scan of patients showed a significant reduction in lesion size. Nimotuzumab was found to be an effective and safe treatment option for brainstem glioma patient who was resistant to radiotherapy and chemotherapy.
Introduction
Brainstem glioma (BG) occurs in the midbrain, the pons, or the medulla oblongata and is uncommon in adults, accounting for only 1% -2% of intracranial gliomas. Magnetic resonance imaging (MRI) is widely used tool for diagnosis of brainstem glioma as biopsies are rarely performed in brainstem tumours [1] .
Mainstay of management for malignant glioma has been surgery, radiotherapy (RT) trailed by alkylating agents such as the nitrosoureas, procarbazine, and, temozolomide. Novel pharmacotherapies are developed in an effort to target specific molecular mechanisms involved in abnormal signalling and to overcome resistance of traditional chemotherapy drugs, such as temozolomide (TMZ).
Despite significant advances in neuroradiology techniques, there is an unmet medical need for the treatment of BG.
Resistance to therapy is the main hindrance of poor patient outcomes [2] . TMZ is an alkylating agent prodrug, producing its cytotoxic activity by the formation of O6-methylguanine DNA (O6-guanine; N7-guanine and N3-adenine). This primary cytotoxic lesion, O6-methylguanine can be removed by methylguanine methyltransferase (MGMT) in tumours expressing this protein, or tolerated in mismatch repair-deficient (MMR) tumours. Thus MGMT or MMR deficiency reflects resistance to temozolomide [3] .
Conventional radiotherapy is the standard treatment for diffuse intrinsic low-grade brainstem gliomas in adults (the median survival is 5 years) [4] . Usually all brainstem gliomas respond to radiotherapy as decided by the mitigation of neurological symptoms and evidence for improved duration of survival in patients given higher doses (> 50 Gy v < 50 Gy) of radiotherapy. However, the potential advantage of combination treatment of radiotherapy and chemotherapy is not entirely evaluated in adult patients [1] .
Targeted therapies are the next revolution in the management of brainstem glioma. Nimotuzumab is a humanized monoclonal antibody against epidermal growth factor receptor (EGFR) approved for the squamous cell carcinoma of head and neck (SCCHN) in India. It has been given an orphan drug status for glioma in USA and for glioma and pancreatic cancer in Europe [5] .
Case Presentation

Investigations
A female of 28 years old apparently healthy was visited our hospital on 10th December 2013. She complained the symptoms such as a progressive headache, nausea, and vomiting. Her body weight was recorded as 56 kg and height 162 cm. A MRI scan was done on 11th December 2013 and identified the presence of an expansile lesion in the pons, medulla and cervico-medullary junction with extension into the middle and inferior cerebellar peduncle on left side ( Figure   1 ). Patient had elevated levels of choline and reduced levels of N-acetyl aspartate, creatine, N-acetyl aspartate and choline ratio (Naa/Cho) and mild amino acid peak. She was diagnosed with brainstem glioma.
Treatments
The first treatment was initiated on 
Discussion
Gliomas of the brainstem are very infrequent in adults and mainly occur in the pons region. The tumour progresses rapidly by conquering in line structures hence the average survival of less than 1 year in children. Because of the augmented growth rate, symptoms of high-grade pontine gliomas are usually short in duration and rapidly progressive [6] . As compared to childhood brainstem glioma the average survival time in adults is as high as 5 years [1] . The first choice of treatment in brainstem gliomas is radiotherapy [1] . In this case, a 28-year-old female was diagnosed with brainstem glioma as lesion identified in pons and medulla of the brain stem. She was treated with external beam radiotherapy for 6 weeks (54 Gy in 30 fractions) but no improvement was observed in her clinical condition. Intrinsic resistance of glioma cells to damage induced by ionizing radiation could be the reason for ineffectiveness of radiotherapy [7] . The increased Cho and reduced NAA signals were assessed by MRS which is similar to results observed in a retrospective study conducted by Salmaggi et al which reported that an elevation in both Cho/NAA ratio from 1.08 to 3.32 in adult BG patients [8] .
Since last decade, chemotherapy has added more attention in the treatment of glioma. TMZ showed better survival when given concurrently with radiotherapy in patients with high-grade glioma. However, survival benefits are restricted in few patients because of the ability of glioblastoma to overexpress the DNA repair protein methylguanine methyltransferase (MGMT) [9] . In our patient after treatment of TMZ (three cycles of 250 mg once in a day for 5 days) patient pro-gressed with disease as seen by worsening of symptoms and increase in the size of tumour. The probable reason for lack of effectiveness to TMZ could be the presence of high MGMT activity [10] .
Targeted therapies have been tried in clinical trial as many times chemotherapy and radiotherapy has not been able to improved survival of BG patients
[10] [11] . EGFR overexpression is an important factor that affects the pathogenesis of high-grade glioma and observed to have a vital role in the progression of different cancers [12] .
Substantial evidence supports causal role for aberrant EGFR signalling in cancer pathogenesis and resistance to radio-and chemotherapy in glioma that has made EGFR as a potential target for the therapy. Nimotuzumab is a humanized IgG1 monoclonal antibody that acts specifically as anti-EGFR. Nimotuzumab exhibits anti-cancer activity by inhibiting proliferation, survival, and angiogenesis of tumour cells. It has been approved for SCCHN in India and has proven less skin toxicity (skin rashes) than panitumumab or cetuximab [5] .
In this case, significant reduction in a size of the tumour was observed after 8 cycles of Nimotuzumab (200 mg/week) treatment and drug was also found to be safe to continue for another 8 cycles. Hong et al reported that Nimotuzumab is effective in improving the response rate or the survival time when it is used with or without radiotherapy; chemotherapy in high-grade glioma [10] . Westphal et al. in a phase III study also assessed the efficacy of Nimotuzumab using a higher doses and found progression free survival rate (PFS) and overall survival (OS) at 12 months higher in a group of subjects treated for 12 consecutive a weekly infusions of 400 mg of nimotuzumab during standard radiotherapy along with temozolomide followed by biweekly infusions of 400 mg (PFS = 25.5%, OS = 679 days) than the group of subjects treated with standard radio and chemotherapy alone (PFS = 20.3%, OS = 596 days). The results were also reported remarkable for non-methylated MGMT glioblastoma [14] .
These studies support that effective use of Nimotuzumab in a brainstem glioma patient has shown to delay the progression of disease and to improve the overall survival. 
Conclusion
